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57 ABSTRACT 
A first short-circuiting MOSFET with a break-through 
preventing function is connected between the gate and 
the cathode of a high sensitivity thyristor. A second 
MOS FET is connected between the gate and the 
source of the first MOSFET. A gate signal turns on the 
second MOSFET to reduce the gate voltage of the first 
MOSFET below threshold voltage. In turn, the short 
circuit of the gate to the cathode of the thyristor is 
removed. Specifically, the gate signal is applied to the 
gate of the thyristor to trigger it. When forward voltage 
VAK applied between the anode terminal and the cath 
ode terminal of the thyristor element is larger than the 
threshold voltage of the first MOSFET, the gate of the 
first MOSFET is biased to a voltage above the thresh 
old voltage so that the first MOS FET is turned on. 
Therefore, the gate and the cathode of the thyristor 
element are short-circuited to prevent the break 
through of the thyristor due to the an external transient 
surge voltage. When gate voltage VGK is input be 
tween the gate terminal and the cathode terminal of the 
thyristor element, the second MOSFET is turned on, 
so that the gate voltage of the first MOSFET is below 
the threshold voltage. In turn, the first MOSFET is 
turned off to remove the short-circuit of the gate and 
the cathode of the thyristor element, so that the thy 
ristor element is turned on. The gate current is supplied 
to the gate of the thyristor element to turn on the thy 
ristor element. 

18 Claims, 3 Drawing Sheets 
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1. 

SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 
This invention relates to a semiconductor device with 

a semiconductor substrate in which two insulated-gate 
field effect transistors and a thyristor element are 
formed. More particularly, this invention relates to a 
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semiconductor device whose thyristor is capable of 
preventing the break-through, i.e., the error-trigger due 
to a transient surge voltage, and can be triggered at any 
time point in the voltage cycle appearing between the 
anode (A) and the cathode (K) of the thyristor. 
Two prior art devices will be described by referring 

to the accompanying drawings. A first prior art device 
is a thyristor of the planar type, which is turned on by 
a small gate current. This thyristor will be referred to as 
a high by sensitive thyristor. A second prior art device 
is a high by sensitive semiconductor device of the pla 
nar type, which is free from break-through or spurious 
triggering caused by the transient voltage. 

FIG. 1A shows, in cross sectional form, a prior art 
highly sensitive thyristor device, and FIG. 1B shows an 
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equivalent circuit of the thyristor device. An example of 25 
the method of manufacturing the thyristor device will 
be described in brief. Separation region 1 for element 
separation is formed in N semiconductor substrate 50 
with resistivity of 40 to 50 (2cm. Region 1 separates the 
thyristor under discussion from other elements (not 
shown). Base layer 2 of the P conductivity type is 
formed in a first major surface layer (the upper surface 
region as viewed in the drawing) of substrate 50. At the 
same time, emitter layer 3 of the P conductivity type is 
formed in a second major surface layer (the lower sur 
face region in the drawing) of substrate 50. P emitter 
region 3 also serves as an anode region of the thyristor 
element. Emitter layer 4 of the N conductivity type, 
which also serves as a cathode region of the thyristor 
element, is formed in the surface region of P base layer 
2. Reference characters A, K and G, respectively, des 
ignate an anode terminal, a cathode terminal and a gate 
terminal, which are connected, via electrode wiring, to 
the Pemitter layer (anode region), the N emitter layer 
(cathode region), and the base layer, respectively. 
This thyristor device is used as a thyristor handling a 

relatively small current, e.g., 3A, and has the character 
istic that the gate trigger current is very small, approxi 
mately several tens A. When this thyristor is soley 
used, it is readily triggered by the leakage current due to 
high temperature and transient current induced by ex 
ternal surge voltages. In practical use, a resistor is exter 
nally connected between the gate (G) and the cathode 
(K), to reduce the gate trigger current to about 1 mA. 
Turning now to FIGS. 2A and 2B, there are shown a 

cross sectional view of a high sensitivity thyristor de 
vice which is capable of preventing spurious triggering 
due to transient voltages. FIG. 2B is an equivalent cir 
cuit of that thyristor. Throughout the drawings, like 
symbols are used to designate like or equivalent ele 
ments. As seen from the drawing, this thyristor device is 
additionally provided with P well region 5 and Player 
34. Formed in P well region 5 are N drain layer 7, N 
source layer 8, gate oxide film 9 and gate electrode 10, 
which form a MOSFET functioning to prevent break 
through. N layer 11 is also provided in P well region 5, 
in order to protect the gate oxide film of the FET. This 
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2 
N layer cooperates with P well region 5 to form a Zener 
diode. 
The thyristor device thus structured is capable of 

turning on the thyristor by a minute gate trigger cur 
rent, e.g., about 30 LA to 5 LA, and further is free from 
break-through due to transient and leakage currents. 
The electrodes (G and K) are almost short-circuited by 
the MOS FET element at all times, which is formed 
between these electrodes. Therefore, leakage transient 
currents are by-passed through the MOS FET. The 
voltage across electrodes G and K is kept below the 
forward voltage (0.5 to 0.6 V) at the PN junction be 
tween the cathode region 4 (N emitter layer 4) and the 
P base layer 2. The prior thyristor device has the advan 
tages as mentioned above; however, it is disadvanta 
geous in that it cannot be triggered at any phase of the 
A-K voltage (VAk). Since the MOS FET is driven 
through Player 34 by voltage VAK, the voltage able to 
trigger the thyristor is below the gate threshold voltage 
of the MOSFET, and ranges approximately from 0 to 
5 V. For this reason, when voltage VAK is above 5 V, 
even if the gate input signal is applied to the thyristor, 
the thyristor element is not triggered until the next 
cycle of voltage VAK. In other words, under this condi 
tion, the trigger of the thyristor is delayed a maximum 
of about 20 msec (when the frequency of the power 
source is 50 Hz). 

Incidentally, resistor RGK inserted between elec 
trodes G and K is provided for limiting the trigger 
current to a desired value, e.g., 5 LA. 
To reduce the size of the gate power source for the 

thyristor device, there is a strong demand to develop 
thyristor devices with a high gate sensitivity or trigger 
able by a small gate trigger current. The prior thyristor 
devices with high sensitivity shown in FIGS. 1A and 
1B can be triggered by very small trigger current, 10 
u.A. This fact, however, implies that it is very sensitive 
to external transient voltages or it is readily broken 
through by transient voltages. To avoid this, the by-pass 
resistor is externally connected between electrodes G 
and K. However, use of the by-pass resistor results in an 
increase of the gate trigger current to about 1 mA. 
The thyristor device of FIGS. 2A and 2B has been 

developed as the thyristor element which is free from 
break-through due to transient surge voltages, how 
ever, it is triqgerable by a small gate trigger current, 
e.g., 5 to 30 LA. Indeed, this thyristor device succeeded 
in solving sensitivity and breakthrough problems, but it 
suffers from another problem that the period allowing 
the thyristor to be triggered is very short. This new 
problem arises from the fact that the voltage between 
electrodes A and K is below the threshold voltage of 
the MOSFET. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to provide 
a thyristor device which has a highly sensitive gate 
trigger characteristic and is free from breakthrough, 
i.e., the spurious triggering due to the leakage and tran 
sient currents, and can be triggered at any phase of the 
A-K voltage. 

In the description to follow, including the specifica 
tion and the appended claims, two conductivity types of 
semiconductor will be used; the first is the N conductiv 
ity type and the second is the P conductivity type. It is 
noted, however, that even if the conductivity types are 
interchanged with each other, almost the same descrip 
tions hold. 



4,992,844 
3 

A semiconductor device according to this invention 
is arranged such that a first short-circuiting MOSFET 
with the break-through preventive function is con 
nected between the gate and the cathode of the high 
sensitivity thyristor, and a second MOS FET is con 
nected between the gate and the source of the first MOS 
FET. A gate signal turns on the second MOSFET to 
reduce the gate voltage of the first MOSFET below the 
threshold voltage. In turn, the short-circuit between the 
gate and the cathode of the thyristor is removed. The 
gate signal is applied to the gate of the thyristor to 
trigger it. 
A semiconductor device according to this invention 

comprises an N semiconductor substrate, a PNPN 
layered thyristor element with the P base layer as a gate 
layer, a first MOSFET of the N channel type provided 
in a first P well region, which is formed in the semicon 
ductor substrate apart from the P base layer, a second 
MOSFET of the N channel type provided in a second 
P well region, which is formed in the semiconductor 
substrate apart from the P base layer, said first and 
second Pwell regions being allowed to be separate from 
or interconnected with each other, and a separation P 
layer, which is formed in the substrate separating from 
the P base layer and first and second Pwell regions. The 
semiconductor device further comprises a first elec 
trode interconnection for a gate signal circuit, which is 
formed on the major surface of the substrate and inter 
connects the separating Player of the thyristor element, 
the first gate electrode of the first MOSFET, and the 
second drain layer of the second MOSFET: the gate 
terminal of the thyristor element, through a first resistor 
layer: a third electrode interconnection formed on the 
major surface of the substrate and interconnecting the 
cathode N emitter layer of the thyristor element, the 
first P well region and the first source layer of the first 
MOS FET, the second P well region and the second 
source layer of the second MOSFET, and the cathode 
terminal of the thyristor element: and a fourth electrode 
interconnection formed on the major surface of the 
thyristor element and for interconnecting the anode P 
emitter layer and the anode terminal of the thyristor 
element. 
The operation of the semiconductor device will be 

described. It is assumed that forward voltage VAK is 
applied between the anode terminal (A) and the cathode 
terminal (K) of the thyristor element. When voltage 
VAK is larger than the threshold voltage of the first 
MOSFET, the gate of the first MOSFET is biased at 
a voltage above the threshold voltage, through the 
separation Player. Under this condition, the FET is in 
an ON state. In other words, the gate P base layer and 
the cathode N layer of the thyristor element are short 
circuited, to prevent the break-through, i.e., the spuri 
ous triggering of the thyristor due to an external tran 
sient surge voltage. When gate signal voltage VGK is 
input between the gate terminal and the cathode termi 
nal of the thyristor element (between the electrodes G 
and K), the second MOSFET is turned on, so that the 
gate voltage of the first MOSFET is below the thresh 
old voltage. In turn, the first MOSFET is turned off, to 
remove the short-circuit between the gate P base layer 
and the cathode N emitter layer of the thyristor ele 
ment. As a result, the thyristor element is turned on. At 
the same time, the gate current caused by gate signal 
voltage VGK is fed through the first resistor layer to the 
gate P base layer to turn on the thyristor element. The 
first resistive layer decreases the gate signal voltage to 
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4. 
the gate trigger voltage of the thyristor element. The 
gate oxide films of the first and second MOS transistors 
are limited in thickness because the characteristics such 
as the threshold voltage must be kept good. Therefore, 
the thickness of these films is frequently insufficient. To 
cope with this, it is necessary to use some means to 
prevent the dielectric breakdown of the gate oxide film. 
To this end, an N diffusion layer is formed in the surface 
layers of the first and second P well regions, while apart 
from the region for FET formation. The P well regions 
and the N type diffusion layer form Zener diodes. The 
Zener voltage is below the dielectric breakdown volt 
age of each gate insulating film. If any other means for 
preventing the dielectric breakdown is used, the Zener 
diodes may be omitted. 

It is preferable that a second resistive layer for gate 
sensitivity adjustment is provided between the P base 
layer and the cathode N emitter layer. If so, the gate 
sensitivity of the thyristor element may be set to an 
estimated value. 
According to the present invention, there is provided 

a semiconductor device comprising an anode terminal, 
a cathode terminal, a gate terminal, a thyristor having a 
gate, an anode, and a cathode, the anode being con 
nected to said anode terminal, and the cathode being 
connected to said cathode terminal, a first switch ele 
ment having a control terminal and a current path, the 
current path being connected between said cathode 
terminal and said gate of said thyristor, a second switch 
element having a control terminal and a current path, 
the current path being connected between said cathode 
terminal and said control terminal of said first switch 
element, and the control terminal being connected to 
said gate terminal. 
According to the invention, there is further provided 

a semiconductor device comprising a semiconductor 
substrate of a first conductivity type, thyristor formed 
in said substrate, said thyristor including a base layer of 
a second conductivity type formed in a first major sur 
face layer of said substrate, an emitter layer of the first 
conductivity type formed in the surface layer of said 
base layer, an emitter layer of the second conductivity 
type formed in a second major surface layer of said 
substrate, and a base region of the first conductivity 
type sandwiched by the base layer of the second con 
ductivity type and the emitter layer of the second con 
ductivity type, a first insulated gate field effect transis 
tor formed in the semiconductor substrate, said transis 
tor including a first well region of the second conduc 
tivity type, which is formed in said first major surface of 
said substrate while being apart from said base layer of 
the second conductivity type, a first drain and a first 
source both being of the first conductivity type and 
formed in the surface layer of said first well region, a 
gate oxide film formed in the substrate and between said 
first drain and said first source, and a first gate electrode 
formed on said gate oxide electrode, a second insulated 
gate field effect transistor formed in said substrate, said 
transistor including a second well region of the second 
conductivity type, which is formed in said first major 
surface of said substrate while being apart from said 
base layer of the second conductivity type, a second 
drain and a second source both being of the first con 
ductivity type and formed in the surface layer of said 
second well region, a gate oxide film formed on the 
substrate and between said second drain and said second 
source, and a second gate electrode formed on said gate 
oxide electrode, a separation layer of said second con 
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ductivity type formed in said first major surface of said 
substrate and apart from said base layer of the second 
conductivity type, and said first and second well re 
gions, a first electrode interconnection formed on the 
major surface of said substrate and for interconnecting 
said separation layer, said first gate electrode and said 
second drain layer, a second electrode interconnection 
for electrically interconnecting said base layer of the 
second conductivity type and said first drain layer with 
said second gate electrode and a gate terminal through 
a first resistive layer, a third electrode for electrically 
interconnecting said emitter layer of the first conductiv 
ity type, said first well region, said first source layer, 
said second well region, said second source layer and 
said cathode terminal, and a fourth electrode intercon 
nection for electrically connecting said emitter layer of 
the second conductivity type and the anode terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1A shows a cross sectional view of a prior art 

high sensitive thyristor device; 
FIG. 1B is an equivalent circuit of the thyristor de 

vice of FIG. A.; 
FIG. 2A shows a cross sectional view of another 

prior art high sensitive thyristor device; 
FIG. 2B is a equivalent circuit of the thyristor device 

of FIG. 2A; 
FIG. 3 shows a cross sectional view of a semiconduc 

tor device according to an embodiment of this inven 
tion; 
FIG. 4 is an equivalent circuit of the semiconductor 

device of FIG. 3; and 
FIGS. 5A to 5D show cross sectional views for ex 

plaining a sequence of steps to manufacture the semi 
conductor device shown in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A planar type thyristor device as a semiconductor 
device according to embodiment of this invention will 
be described. FIGS. 3 and 4 show a cross sectional view 
of the thyristor device and its equivalent circuit, respec 
tively. 

Thyristor element 31 is formed in N region 20 of 
silicon substrate 50 of the N conductivity type. Thy 
ristor element 31 includes P base layer 2, cathode N 
emitter layer (cathode layer of the thyristor element) 4, 
anode Pemitter layer (anode layer of the thyristor ele 
ment) 3, and Nil base region 20a sandwiched by the P 
base layer and the anode Pemitter layer. P base layer 2 
is formed in the major surface layer (the upper surface 
region as viewed in the drawing) of the substrate. Cath 
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ode N emitter layer 4 is formed in the surface layer of 55 
the P base layer. Anode P emitter layer 3 is formed in 
the second major surface layer (the lower surface re 
gion as viewed in the drawing) of substrate 50. 

Further formed in N region 20 is first MOSFET 
32. This MOSFET includes first Pwell region 5, first N 
drain layer 7 and first N source layer 8, first gate oxide 
film 9, and first gate electrode 10. First P well region 5 
is formed in the first major surface of the substrate, 
apart from the P base layer 2 of thyristor element 31. 
Drain layer 7 and source layer 8 are formed in the sur 
face region of first P well region 5. First gate oxide film 
9 is formed on the substrate surface and between the 
drain and source layers. N layer 11 is formed in the 
surface layer of the first P well region, apart from the 

65 

6 
region where the first MOSFET is formed. N layer 11 
and the first P well region form a first Zener diode. 
Second MOSFET 33 is also formed in N region 20. 

MOSFET 33 includes second P well region 12, second 
N drain layer 13 and second N source layer 14, second 
gate oxide film 15, and second gate electrode 16. Sec 
ond P well region 12 is formed in the first major surface 
layer of N region 20, separate from P base layer 2 and 
first Pwell region 5. In the drawing, the first and second 
P well regions are separated from each other, however, 
these may be interconnected, if necessary. Second N 
drain layer 13 and second N source layer 14 are formed 
in the surface layer of second P well region 12. Second 
gate oxide film 15 is formed on the substrate surface and 
between the drain and source layers. Second gate elec 
trode 15 is formed on second gate oxide film 15. N layer 
17 is formed in the surface layer of the second P well 
region, apart from the region where the second MOS 
FET is formed. N layer 17 and the second Pwell region 
form a second Zener diode. 

Player 34 is also formed in the first major surface of 
N (region 20, separate from P base layer 2, first P well 
region 5 and section P well region 12. First electrode 
interconnection 35 is formed on the major surface of 
substate 50). 
The interconnection 35 interconnects Player 34, first 

gate electrode 10, second N drain layer 13, and the N 
layer 11 of first Zener diode. Second electrode intercon 
nection 36 is formed on the major surface of substrate 
50. This interconnection interconnects P base layer 2 
and first N drain layer 7 to each other, and also inter 
connects second gate electrode 16, the N layer 17 of the 
second Zener diode and gate terminal G to one another. 
The interconnection electrically connects the former 
and the latter, through first resistive layer 18. Third 
electrode interconnection 37 is formed on the major 
surface of substrate 50. The interconnection 37 inter 
connects cathode Nemitter layer 4, first P well region 
5, first N source layer 8, second P well region 12, sec 
ond N source layer 14 and cathode terminal K. Further 
formed on the major surface of substrate 50 is fourth 
electrode interconnection 38 electrically interconnect 
ing anode Pemitter layer 3 and anode terminal A. Sec 
ond resistive layer 19 is provided between third elec 
trode interconnection 37 and the portion of second 
electrode interconnection 36 interconnecting P base 
layer 2 and first N layer 7. 
A sequence of process steps to manufacture the thy 

ristor device shown in FIG. 3 will be described by 
referring to FIGS. 5A to 5D. Separation region 1 for 
separating individual element regions is formed in N 
type silicon substrate 50 whose resistivity is 40 to 50 
92cm. Then, anode Pemitter layer 3, P base layer 2, first 
P well region 5, second Pwell region 12 and Player 34 
are formed. In this case, the first and second P well 
regions and other layers may be formed simultaneously 
or individually. Selection of the simultaneous or indi 
vidual formation of these elements depends on the de 
sign values such as the threshold voltage of the MOS 
FET (FIG. 5B). Cathode N emitter layer 4 is next 
formed (FIG.5C). The drain and source layers 7 and 8 
of the first MOSFET and those 13 and 14 of the second 
MOS FET, and the N layers 11 and 17 of first and 
second Zener diodes D1 and D2 of those FETs are 
further formed (FIG. 5D). Finally, the electrode inter 
connection material such as aluminum is vapor depos 
ited and patterned to interconnect the elements as 
shown in the equivalent circuit of FIG. 4. 
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In FIGS. 5B to 5D, a side portion of separation re 
gion 1 is omitted for simplicity of illustration. 
The operation of the thyristor device thus arranged 

will be described by referring to FIG. 4. It is now as 
sumed that AC voltage V4K of 100 V is applied between 
electrodes A and K, and that voltage VAK causing the 
first MOSFET to short-circuit the gate and cathode of 
the thyristor element is 5 V or more. When voltage 
VAK exceeds 5 V in each voltage cycle, the first MOS 
FET is turned on, to short-circuit the gate and the cath 
ode of first MOS FET 32. Under this condition, the 
thyristor element is protected from its break-through, 
i.e., the spurious triggering due to leakage or transient 
currents. Leakage current when the voltage is below 5 
V, is very small, and cannot turn on the thyristor ele 
ment. Provision of second resistive layer RGK for gate 
current restriction between the gate and the cathode 
enhances the break-through preventing function. P 
layer 34 is connected to anode Player 1 through the 
PN3 junction capacitor which is formed between the P 
layer and the N region 20. When VAK)0, the capaci 
tance of that capacitor is very large, and the potential at 
the Player 34 is substantially equal to the anode poten 
tial. When it is connected to other layers such as the P 
well regions by a depletion layer, the potential at the P 
layer 34 is 5 V or more, exhibiting a saturation ten 
dency, if the voltage VAK is 5 V or more. 
When the gate signal is input to the gate terminal G, 

second MOS FET 33 is turned on, so that the gate 
source voltage of first MOSFET 32 drops below the 
threshold voltage, and first MOSFET 32 is turned off. 
As a result, the short-circuit state between the gate and 
the cathode is removed. Then, the gate trigger current 
of thyristor element 31 is equal to the value limited by 
the resistor RGK, e.g., 5 to 30 LA. Since the gate signal 
is applied to the gate of the thyristor element through 
input resistor RIN (first resistive layer) 18, not the cur 
rent path including the resistor RGK, the thyristor ele 
ment is immediately turned on. The Zener voltage of 
each of Zener diodes D1 and D2 is much smaller than 
the dielectric breakdown voltage of the gate oxide film, 
for the purpose of protecting the gate oxide film. Input 
resistor IN decreases the gate signal voltage above the 
threshold voltage of the second MOSFET to the gate 
trigger voltage of thyristor element 31. 
The prior art thyristor device with the breakthrough 

preventive function as shown in FIGS. 2A and 2B can 
not turn on the thyristor element when the A-K voltage 
is 5 V or more, as described earlier. The reason for this 
is that when the A-K voltage exceeds 5 V, the MOS 
FET for break-through prevention is turned on, and the 
gate and the cathode of the thyristor element is short 
circuited, loosing its trigger function. This short-circuit 
ing arises from the internal structure of the element, and 
therefore it is impossible to remove the short-circuiting 
by any external means. 
On the other hand, the semiconductor device accord 

ing to this invention, like the prior art semiconductor 
device, has the function to prevent the break-through 
due to the leak current or the transient current, while 
keeping the good gate trigger characteristic. The sec 
ond MOSFET is used and is controlled by the external 
input gate signal so that the thyristor element is trig 
gered at any time in the A-K voltage cycle. 

In more particular, it is assumed that the thyristor 
device shown in FIG. 3 is designed to be of the type 
operable with minute current such that IGT representing 
the gate characteristic of thyristor element 31 (the gate 
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current necessary to switch the thyristor element from 
the OFF state to the ON state) is 5 LA, and VGT (the 
gate voltage necessary to cause the gate current IGT) is 
0.5 V. In this thyristor device, the first MOSFET is 
active for the transient surge voltage, and hence 
dv/dt = 300 V/us. The thyristor device can be trig 
gered at any time in the A-K voltage cycle. When 
RIN=250 k(), the trigger current fed from the gate 
terminal is very small, 10 LA (for about 3 V VGK). 
What is claimed is: 
1. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal for receiving a gate signal; 
a thyristor that can be turned on at any phase of a 

voltage applied across the anode and cathode ter 
minals, comprising an anode, a cathode, a cathode 
base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said cath 
ode base being connected to said gate terminal, 
wherein the thyristor is turned on in response to 
the applying of the gate signal to the gate terminal; 

a first resistor connected between said gate terminal 
and said cathode base of said thyristor; 

a first switch element of a normally conductive type 
having a control terminal and a current path, said 
current path being connected between said cathode 
terminal and said cathode base of said thyristor, 
wherein the thyristor cannot be turned on at times 
when the first switch element is conductive; and 

a second switch element of a normally nonconductive 
type for controlling said first switch element, hav 
ing a control terminal and a current path, said cur 
rent path of said second switch element being con 
nected between said cathode terminal and said 
control terminal of said first switch element, and 
said control terminal of said second switch element 
being connected to said gate terminal, wherein the 
second switch element is conductive at times when 
the gate signal is applied to the gate terminal to 
render the first switch element nonconductive. 

2. A semiconductor device according to claim 1, 
further comprising a second resistor connected between 
said cathode terminal and said cathode base of said 
thyristor. 

3. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal for receiving a gate signal; 
a thyristor that can be turned on at any phase of a 

voltage applied across the anode and cathode ter 
minals, comprising an anode, a cathode, a cathode 
base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said cath 
ode base being connected to said gate terminal, 
wherein the thyristor is turned on in response to 
the applying of the gate signal to the gate terminal; 

a first switch element of a normally conductive type 
having a control terminal and a current path, said 
current path being connected between said cathode 
terminal and said cathode base of said thyristor, 
wherein the thyristor cannot be turned on at times 
when the first switch element is conductive; 

a second switch element of a normally nonconductive 
type for controlling said first switch element, hav 
ing a control terminal and a current path, said cur 
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rent path of said second switch element being con 
nected between said cathode terminal and said 
control terminal of said first switch element, and 
said control terminal of said second switch element 
being connected to said gate terminal, wherein the 5 
second switch element is conductive at times when 
the gate signal is applied to the gate terminal to 
render the first switch element nonconductive; 

a first diode connected between said cathode terminal 
and said control terminal of said first switch ele- 10 
ment; and 

a second diode connected between said cathode ter 
minal and said control terminal of said second 
switch element. 

4. A semiconductor device according to claim 2, 15 
further comprising a first resistor connected between 
said gate terminal and said cathode base of said thy 
ristor. 

5. A semiconductor device according to claim 2, 
further comprising a resistor connected between said 
cathode terminal and said cathode base of said thyristor. 

6. A semiconductor device according to claim 4, 
further comprising a second resistor connected between 
said cathode terminal and said cathode base of said 
thyristor. 

7. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal for receiving a gate signal; 
a thyristor comprising an anode, a cathode, a cathode 

base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said cath 
ode base being connected to said gate terminal; as 

a first switch element having a control terminal and a 
current path, said current path being connected 
between said cathode terminal and said cathode 
base of said thyristor; and 

a second switch element for controlling said first 40 
switch element, having a control terminal and a 
current path, said current path of said second 
switch element being connected between said cath 
ode terminal and said control terminal of said first 
switch element, and said control terminal of said 45 
second switch element being connected to said gate 
terminal; 

in which said first switch element is a first insulated 
gate field effect transistor, and said second switch 
element is a second insulated-gate field effect tran- 50 
sistor, said control terminal and said current path of 
said first switch element are a gate and a drain 
source path of said first insulated-gate field effect 
transistor, respectively and said control terminal 
and said current path of said second switch element 55 
are a gate and a drain-source path of said second 
insulated-gate field effect transistor, respectively. 

8. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 60 
a gate terminal; 
a thyristor comprising an anode, a cathode, a cathode 

base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said cath- 65 
ode base being connected to said gate terminal; 

a first switch element having a control terminal and a 
current path, said current path being connected 
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between said cathode terminal and said cathode 
base of said thyristor; 

a second switch element for controlling said first 
switch element, having a control terminal and a 
current path, said current path of said second 
switch element being connected between said cath 
ode terminal and said control terminal of said first 
switch element, and said control terminal of said 
second switch element being connected to said gate 
terminal; 

a first diode connected between said cathode terminal 
and said control terminal of said first switch ele 
ment, in which said first diode is a Zener diode; and 

a second diode connected between said cathode ter 
minal and said control terminal of said second 
switch element, in which said second diode is a 
Zener diode. 

9. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal; 
a semiconductor substrate of a first conductivity type; 
a thyristor formed in said substrate; 
said thyristor including a base layer of a second con 

ductivity type formed in a first major surface layer 
of said substrate, an emitter layer of the first con 
ductivity type formed in the surface layer of said 
base layer, an emitter layer of the second conduc 
tivity type formed in a second major surface layer 
of said substrate, and a base region of the first con 
ductivity type sandwiched by the base layer of the 
second conductivity type and the emitter layer of 
the second conductivity type; 

a first insulated gate field effect transistor formed in 
the semiconductor substrate, said transistor includ 
ing a first well region of the second conductivity 
type, which is formed in said first major surface of 
said substrate while being apart from said base 
layer of the second conductivity type, a first drain 
and a first source both being of the first conductiv 
ity type and formed in the surface layer of said first 
well region, a gate oxide film formed in the sub 
strate and between said first drain and said first 
source, and a first gage electrode formed on said 
gate oxide film; 

a second insulated gate field effect transistor formed 
in said substrate, said transistor including a second 
well region of the second conductivity type, which 
is formed in said first major surface of said substrate 
while being apart from said first well region and 
said base layer of the second conductivity type, a 
second drain and a second source both being of the 
first conductivity type and formed in the surface 
layer of said second well region, a gate oxide film 
formed on the substrate and between said second 
drain and said second source, and a second gate 
electrode formed on said gate oxide film; 

a separation layer of said second conductivity type 
formed in said first major surface of said substrate 
and apart from said base layer of the second con 
ductivity type, and said first and second well re 
gions; 

a first electrode interconnection formed on the major 
surface of said substrate and for interconnecting 
said separation layer, said first gate electrode and 
said second drain layer; 

a second electrode interconnection for electrically 
interconnecting said base layer of the second con 
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ductivity type, said first drain layer, said second 
gate electrode and said gate terminal; 

a third electrode for electrically interconnecting said 
emitter layer of the first conductivity type, said 
first well region, said first source layer, said second 5 
well region, said second source layer and said cath 
ode terminal; and 

a fourth electrode interconnection for electrically 
connecting said emitter layer of the second con 
ductivity type and the anode terminal. 

10. A semiconductor device according to claim 9, 
further comprising a first impurity-diffused layer of the 
first conductivity type formed in the surface layer of 
said first well region, the first impurity diffused layer l 
being far away from said first drain layer, said first 
source layer, and the portion of the first well region 
which is between said first source and drain regions, and 
a second impurity-diffused layer of the first conductiv 
ity type formed in the surface layer of said second well 
region, the second impurity diffused layer being far 
away from said second drain layer, said second source 
layer, and the portion of the second well region which 
is between said second source and drain regions. 

11. A semiconductor device according to claim 9, 25 
wherein said second electrode interconnected includes 
a first resistive layer coupled between said base layer of 
the second conductivity type and said first drain layer, 
on the one hand, and said second gate electrode and said 
gate terminal, on the other hand. 

12. A semiconductor device according to claim 10, 
wherein said second electrode interconnection includes 
a first resistive layer coupled between said base layer of 
the second conductivity type and said first drain layer, 
on the one hand, and said second gate electrode and said 
gate terminal, on the other hand. 

13. A semiconductor device according to claim 9, 
further comprising a second resistive layer connected 
between said third electrode interconnection and said 
second electrode interconnection at an electrical loca 
tion between said emitter layer of the first conductivity 
type and said first resistive layer. 

14. A semiconductor device according to claim 10, 
further comprising a second resistive layer connected 
between said third electrode interconnection and said 
second electrode interconnection at an electrical loca 
tion between said emitter layer of the first conductivity 
type and said first resistive layer. 

15. A semiconductor device according to claim 11, 
further comprising a second resistive layer connected 
between said third electrode interconnection and said 
second electrode interconnection at an electrical loca 
tion between said emitter layer of the first conductivity 
type and said first resistive layer. 

16. A semiconductor device according to claim 12, 
further comprising a second resistive layer connected 
between said third electrode interconnection and said 
second electrode interconnection at an electrical loca 
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12 
tion between said emitter layer of the first conductivity 
type and said first resistive layer. 

17. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal for receiving a gate signal; 
a thyristor comprising an anode, a cathode, a cathode 

base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said cath 
ode base being connected to said gate terminal; 

breakthrough prevention means, coupled between 
the cathode base of the thyristor and the cathode 
terminal, and switchable between an on and an off 
state, for short-circuiting together the cathode and 
the cathode base of the thyristor, at times when the 
breakthrough prevention means is in the on state, 
and having a control terminal for receiving a con 
trol signal to turn off the breakthrough prevention 
means; and 

control means, coupled to the control terminal of the 
breakthrough prevention means, and switchable 
between an on and an off state, for providing the 
control signal to the control terminal of the break 
through prevention means, at times when the con 
trol means is in the on state, to turn off the break 
through prevention means, and having a control 
terminal coupled to the gate terminal for receiving 
the gate signal to turn on the control means. 

18. A semiconductor device comprising: 
an anode terminal; 
a cathode terminal; 
a gate terminal for receiving a gate signal; 
a thyristor comprising an anode, a cathode, a cathode 

base, and an anode base, said anode being con 
nected to said anode terminal, said cathode being 
connected to said cathode terminal, and said caty 
hode base being connected to said gate terminal; 

breakthrough prevention means, coupled between 
the cathode base of the thyristor and the cathode 
terminal, and switchable between an on and an off 
state, for short-circuiting together the cathode and 
the cathode base of the thyristor, at times when the 
breakthrough prevention means is in the on state, 
to prevent erroneous triggering of the thyristor in 
response to a transient voltage, and having a con 
trol terminal for receiving a control signal to turn 
off the breakthrough prevention means; and 

control means, coupled to the control terminal of the 
breakthrough prevention means, and switchable 
between an on and an off state, for providing the 
control signal to the control terminal of the break 
through prevention means, at times when the con 
trol means is in the on state, to turn off the break 
through prevention means to permit triggering of 
the thyristor, and having a control terminal cou 
pled to the gate terminal for receiving the gate 
signal to turn on the control means. 
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